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PREFACE
The various Codes of Practice published and
recommended by the British Compressed Gases
Association have the objectives of establishing
consistency in design and construction practices and in
user operational and maintenance procedures, so as to
provide good standards of reliability and safety in the
interests ofemployers, employees and the general public.

The Association endeavours to compile the Codes from
the best sources of information known to the Association
at the date of publication of the Code and are given in
good faith and belief in their accuracy. The Codes are
intended for use by technically competent persons and
their use does not, therefore, removethe need for technical
and managerial judgement when applying the Codes in
practical situations and with due regard to local
circumstances, nor do they confer any immunity or
exemption from relevant legal requirements, including
bye-laws.

The onus of responsibility for their application is that of
the user. The Association, its officers, its members and
individualmembers of any Working Parties can accept no
legal liability or responsibility whatsoever, howsoever
arising, for the consequences of the use or misuse of the
Code(s.)

For the assistance of users, references are given, either in
the text or Appendices, to sources of information on

British Standards, Codes of Practice and current
legislationrelevant at the time of publicationthat may be
applicable. This Code is intended to be read and used in
the context of these references where the subjects have a
bearing on the local application of the processes or
operationscarriedoutby the user.
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BCGA Code of Practice CP3O
The Safe Use ofLiquid
Nitrogen Dewars
up to 50 Litres

Terminology & Definitions
Indicates a mandatory requirement for compliance with this Code

Shall:

ofPractice.
Should:

Indicates a preferred requirement but is not mandatory for
compliance with this Code ofPractice.

May:

Indicatesan option availableto the user ofthis Code ofPractice.

Dewar:

For the purposes of this Code of Practice the term dewar shall
mean a vacuum insulatedvesseloperatingat less than 0.5 barg.

Innervessel:

The vessel containing the liquidnitrogen.

Outer vessel:

The insulationcontainer.

Bulk Supply

The storage container from which the liquid nitrogen is transferred
into the dewar.

Vessel:

Transportable The storagecontainerfrom which the liquid Nitrogenis transferred
SupplyVessel: into the dewar, where it is a transportable vacuum insulated
containerofnot more than 1000 litres volume.
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BCGA Code ofPractice—CP3O

The SafeUseofLiquid
Nitrogen Dewars
up to 50 Litres
iNTRODUCTION
This Code ofPractice(COP) is intendedfor the guidance ofusers ofliquidnitrogen dewars
in the UK. It is recommended that any indIvidual involved in the storage, filling, use or
maintenance of dewars shall have a knowledge ofand comply with the requirements ofthe
COP.

The objective of this COP is to promote the safe use of liquid nitrogen. The COP makes
reference to the UK legislation affecting liquid nitrogen dewar use, at the time of
publishing. The COP also makes reference to other publications and training material,
whichare currentlyavailable.
The supplierofthe productshall providethe users with full information on the propertiesof
the product being used, and the user of the container shall ensure that all staff are fully
conversant with the properties ofthat product.

SCOPE
This document is specifically addressing the use of liquid nitrogen in open dewars and
dewars fitted with liquid withdrawal attachments operating at less than 0.5barg. The
maximum size ofdewar covered bythis Code ofPracticeis 50 litres.
Customers wishing to use dewars in oxygen, heliumor otherproductservice should consult
theirgas supply company for advice.

Beware:

Liquid nitrogen dewars must

BCGACP3O© 2000
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be usedfor liquidoxygen.

I PROPERTIESAND HAZARDS OF NITROGEN
1.1 Properties

Nitrogen is colourless, odourless and tasteless. It constitutes around 78% of normal,
atmospheric air. It is classifiedas non toxic and does not support life or combustion.
Its physicalpropertiesare:
Gas density at standard atmospheric conditions

1.19 kg/rn3

(1.Ol3bara& 15°C)
Liquidtemperature at standard atmospheric pressure

-196 °C

(1.013 bara)

Liquid density at standard atmospheric pressure

0.8 kg/litre

(1.013 bara)

Expansionratio from liquid stateto gaseous state
at 1.013 bara and 15°C.

683

1.2 Asphyxiation
Nitrogen can produce local oxygen-deficient atmospheres, which will cause asphyxia
if breathed. This is especially true in confined spaces and areas of little or no air
movement. In this case a risk assessment in accordance with the Confined Spaces
Regulations (1) will be required.

Industrypractice is designed to ensure that the oxygen content in the workplacenever
falls belowa minimumof 18%by volume.
Entry into atmospheres withan oxygen content less than 19.5% is not recommended.
Asphyxiadue to oxygen deficiency is often rapid withno prior warning to the victim.
A general indicationof what is liable to happen is given in Annex 1, but it should be
appreciated that the reactions of some individuals can be very different from those
shown.

For first aid treatmentsee Annex 1 ofthis code ofpractice.
Attemptsto rescuepersonsfrom oxygen deficient atmospheres should only be made
by trainedpersonsusing breathingapparatus.
1.3 Cold (cryogenic)burns
Severe damage to skin may be caused by prolonged contact with liquid or cold
gaseous nitrogen. For this reasonprotectiveclothing should always be worn. Section 4
ofthis COP gives recommendations on protective clothing.

For first aid treatmentsee Annex 2.
BCGACP3O© 2000
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1.4 Effect ofcold on lungs
Whilsttransientand short exposure producesdiscomfort in breathing,prolonged
inhalationofvapour or cold gas canproduceserious effects on the lungs.

BCGACP3O © 2000
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2

DEWARS
2.1 Types of dewar
There are basically two types of dewar. The first type are dewars which are used for
the storage and transport of liquid. These dewars are typically narrow necked to
facilitate pouring (See figure 1). Ifsuitable they can be fitted witha liquidwithdrawal
device, as described in 2.3, to allow the liquid to be removed without tipping. The
secondtype ofdewar is used for cooling items insertedinto it. These are wider necked
and sometimes comewithstorageracks or compartments, which can be removed. (See
figure2).

Figure 2 — Sample Storage Dewars

Figure 1— PouringDewars

2.2 Dewarconstruction
All dewars shall be suitably constructed for use with liquid nitrogen. Dewars
manufactured prior to 1 July 2001 have no specific requirement to be built to a
recognisedconstruction code. Ifnot constructed to a recognisedcode, dewars shall be
built in accordance with goodengineering practice.
Dewars built after 1 July 2001 will be subject to CDGCPL2 Regulations (5) and the
Approved Requirements for Transportable Pressure Receptacles (4). A legally
approved version of this document will be issued before 1 July 2001. Users should
ensure that they comply with the publishedrequirements for dewarsat that time.
Dewarsshouldbe checkedfor cleanliness when first purchased. Section 10 covers the
cleaning ofdewars.

BCOACP3O© 2000
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Figure 3— TypicalDewar Construction
A
B
C
D

Dustlmoisturecap
Neck tube
Inner vessel
Outer vessel

E

Insulation

Note: A vacuum is formedbetweenthe innerand
outervessel.

The inner vessel is typically constructed from aluminium with an epoxy glass
fibre neck or stainless steel with a stainless steel neck. Selecting stainless steel
over aluminium gains increased durability and resistance to impact damage.
However, the penaltyis increasedweight.
The outer vessel is typically aluminium, carbon steel or stainless steel. Again
the carbon steel gives increasedimpact resistance.. The penalties are increased
weight and decreased corrosion resistance if the paintwork is damaged.
Stainless steel gives increasedcorrosionresistanceover carbon steel.
2.3

Liquid withdrawaldevices
Figure 4 shows a diagram ofa liquid withdrawaldevice. Becausethe dewar is
sealed, the gas which boils offdue to atmospheric warming raises the pressure
in the dewar above atmospheric. These devices shall be fitted with a pressure
relief device that will prevent the internalpressure exceeding the design limit
ofthe dewar, which shall in any case be below 0.5 barg. As the pressure in the
dewar is greater than atmospheric pressure the gas at the top of the dewar
pushes the liquid out via the dip tube. Only a very small amount ofpressure is
required- 0.1 barg (1.5 psig) willlift the liquid im high.
Liquid withdrawal devices are normally attached to the dewar via a clamping
device. The device shall have a secondary retaining measure, eg a retaining
wire, to restrain travel in the case ofclamp failure.
Warning:
Onlyfit liquid withdrawaldevicesto dewars that are designed for these devices
and are marked as being compatible and suitable for such devices. Only fit
devices which have been designed and built by a manufacturer of proven
competence.
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Figure 4— LiquidWithdrawalDevice
LiquidDecantValve

GasVezit Valve

Clamp + O.Ring

Safety ReliefValves

Vessel Ftange
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Dip Tube
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LABELLING
Liquid nitrogen dewars shall be clcarly and adequately labelled. Figure 5 shows a
typical label. The label includes:
o
o
o

Basic safety information
Transport labellinginformation
Gas suppliercontacts

As a minimum the label shall includethe statutory labelling requirements to meet the
Carriage of Dangerous Goods (Classification, Packaging and Labelling) and Use of
Transportable Pressure Receptacles Regulations 1996 (5) and basic safety information

forusers.

The CDGCPL2 Regulations requirethe labelto include:
o
o
o

Productdesignation, ie NITROGEN, REFRIGERATED LIQUID
ProductUN number,ie UN 1977
Productdanger sign,ie a green diamond with a cylinder symbol and the number2

atthebottom

Dangersigns shall have a side length ofat least 100 mm unless the size and/or shape
ofthe dewarmakethis impractical. Inthis instanceit shallbe as large as possible.

Figure 5— TypicalLabelling(not full size)
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HANDLING
4.1

Manualhandling
Keep the vessel upright at all times, except when pouring liquid from dewars
specifically designed for that purpose.

Handle with care at all times as rough handling can cause serious damage to the
dewar and spillage. Do not 'walk', roll or drag dewars. Always protect the
vessel from severe jolting and impact. Do not allow the dewar to come into
contactwith chemicals or othersubstances whichcouldpromote corrosion.

Be careful to avoid spillage during handling. This could lead to cold burns or
oxygen depletion. Even small spills will damagelabelling.

The Manual Handling Operations Regulations 1992 (7) apply to the handling

of liquid nitrogen dewars. Irrespective of the size or type ofdewar, users shall
carry out a manualhandling assessment on the activities operators are required

to perform. The Manual Handling Regulations do not cover injury due to
liquid spill. It is recommended that users include this in their risk assessments.
Under the Management of Health and Safety at Work Regulations 1999 (8)
employers are requiredto make a suitable and sufficient assessment ofthe risks
to the health and safety oftheir employees while at work.
Do not attemptto lift or move large, heavy vessels without assistance. Trolleys
and tipping trolleys should be considered and are recommended for dewars of
25 litres and above.

For further guidance on manual handling see Section 12, References and
Further Information (9-11.)
4.2

Protective clothing
Reference: PersonalProtective Equipment at Work Regulations 1992 (12.) The
following protective equipment, manufactured to an approved standard, shall
be wornwhen handling,filling or using dewars.

• Eye

Goggles, face visor or glasses with cheek and brow
protection: guards. Glasses will give added impact protection over
goggles but cheek and brow guards are essential.

• Hand

Non-absorbent, insulated gloves, made from a suitable
protection: material such as leather. The gloves should be loose fit
for easy removal. Sleeves should cover the ends of the
gloves. Gauntlet gloves are not recommended because
liquid can dripinto them.

BCGACP3O© 2000
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• Protective
shoes:

• Body
protection:

BCGA CP3O © 2000

Safety shoes
recommended.

with

reinforced

toe

protection

are

Overalls or a similar type clothing should be worn. They
should be made preferably without open pockets or turnups where liquid could collect. Trousers should be worn
outside boots for the samereason. Where dewars are being
carried over uneven ground or on stairs at chestheight, the
user should consider additional splash protection. A splash
resistantapron may be appropriate.
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5

FILLING
5.1

Equipmentandlocation

Ifthe supplyvessel is a bulk storagevessel it shall be sited in accordance with
BCGA Code of Practice CP21 (13) or CP28 (15.) If the supply vessel is a
transportable container it shall be sited in accordance with BCGA Code

of

PracticeCP27(14.)

In all cases the dewarfill locationshallbe suitably ventilatedto prevent oxygen
depletion; ideally this will be a covered external location.

The supply vessel shall be fitted with appropriate decanting equipment. This
shall include a device for venting excess gas before it reaches the dewar.
Where the bulk storage vessel operates at above 1.5 barg, the decant-valve on
the vessel shouldbe a slow openingtype, eg a globe-valve, not a ball-valve.
5.2

Fill procedure
Dewar filling shall be carried out by properly trained personnel wearing
appropriate protective clothing. The filling procedure shall include the
essentialelements listed below.
When filling dewars that are for sample storage, there is a risk of crosscontamination of the samples via the fill hose. If this is a possibility,the user
should includein the procedure a method forpreventing cross-contamination.
5.2.1

Pre-fill checks
Check that the supply vessel is in an appropriate location and at the
correct operating pressure. If the pressure is too high ensure that
someone trainedto do so vents the tank.
Check that the dewar is labelled for liquid nitrogen service. Do not
fill a dewarwhichis labelled for another product.

• Check that the filling equipment is clean and free from damage. Do
not attemptto useblockedor damagedfilling equipment.
• Ensure that the dewar is not fitted with a liquid withdrawal device.
Initiatingthe fill withthe device in place may lead to over filling or
over pressurisation ofthe dewar. Excessive pressure may result in
the device detaching from the dewar at high speed. Before
removingthe device ensure that the dewaris vented to atmospheric
pressure by opening the vent-valve fully and ensuring that the
pressure gaugeis reading zero.
• Check that the dewar is in good condition. Ensure that there is no
neck damage or twisting. Ensure that the insulatingbung under the
protective cap has not detached. If it has, fit a new cap before
filling. If the bung has fallen into the dewar then it must be
BCGACP3O © 2000
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removed. (See maintenance procedures in Section 10.) Do not fill
a dewarwhich is damaged or hasthe bung inside.

• Do not fill the dewarif
there is water inside,
there is ice inside,
there is excessive frosting around the neck.
5.2.2

Filling

• Purge the hose to clear any excess atmospheric moisture or dust. This can
be done by securing the hose and cracking the decant valve slightly for a
short period. Closethe valve as soon as frosting appears.
• Insertthe fill hose into the dewar and ensureit is secure.
• Initiate the fill slowly by cracking open the fill-valve. If the dewar has
warmedthe liquid will boiland turn to gas immediately on contact.
•

When the dewar has cooled the fill-valve can be opened to establish a
steady flow of liquid. If liquid is spitting back out of the dewar then the
flowshouldbe reduced.

•

For dewarswithneck tubes, stop the fill when the liquidreachesthe bottom
of the neck. The "sound" of the fill will change, indicating that it has
happened. Do not fill past the bottomofthe neck.

•

For dewarsthat do not have neck tubes, stop the fill when the liquid reaches
the required level, which shall be a level below that which the insulating
bung will reach when placed onto the dewar after filling. Never overfill a
dewar.

•

When the dewaris full, replace the protectivecap. If the cap rattles, this is
evidence that the dewar is over filled and liquid is boiling at a greater rate
than is normal. Leave the dewarin the open air until there is no excessive
boiling.

•

If fitting a

liquid withdrawal device, fit it immediately after the fill,
that
the dewar has not been overfihled. (Rapid gas boiling should
ensuring
indicate overfilling.) Check the pressure indicator on the device to ensure
the pressure rise has stabilisedat 0.1-0.2 barg (2-3 psig.) Ifthe pressure is
rising towards 0.5 barg, open the vent-valve on the device and reduce the
pressure. Check the pressure indicator again and repeat the venting cycle
as many times as is necessary to obtain a steadypressure reading. Inability
to achievea steadypressure reading is an indicationoflossofvacuumfrom
the insulatingjacket. Test that the liquid line is clear of ice blockageby
operatingthe liquidvalve momentarily, allowing liquid to issue out.
Check that the labelling has not been damagedby liquid spills during the
fill. Replaceifnecessary.

BCGACP3O © 2000
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6USE
6.1 Outdooruse

Whenusing dewars outdoors there is an increasedrisk ofice plugs formingin the neck
due to condensation of atmospheric moisture or rain freezing on the neck. It is
essential that, exceptwhen pouring or handlingthe storageracks,the cap is kept on the
dewar. It is also essential that the cap be in good condition withthe insulatingbung in
place. Ifpossiblethe dewarshouldbe sited in a sheltered but well ventilatedlocation,
eg under a canopy. Furtheradvice on avoiding ice plugs is given in 6.2.3.
When moving a dewar around premises, it shall never be transported in a closed
vehicle, eg a car or van. Flat-backedvehicles or trailers are recommended. Section 8
gives moreadvice on transportation.
6.2 Indoor use

When using dewars indoors there is an increased risk of creating an asphyxiation
hazard. The following paragraphsgive appropriate precautions for typical hazardous
situations.

6.2.1 The use ofliftswhen transportingdewars
Transporting dewars containing liquid nitrogenin an occupied lift is hazardous
and shouldbe avoided whenever possible. The main hazards are the operation
of the safety relief device on the liquid withdrawal unit, liquid splashing or
boiling liquid vaporisinginto the lift, creatingan oxygen-deficient atmosphere.
The majority of lifts have small internal volume and thereforethe effects of
oxygen deficiency couldovercomea personin the lift in arelativelyshorttime.

of liquid nitrogen can cause embrittlement and subsequent failure of
certainmaterials,eg carbon steel. If liquid nitrogen is spilled onto a lift floor,
Spillage

the lift shouldsubsequentlybe checked for mechanical damage.

Before a dewar containing product is transported in any lift that can carry
persons, a detailed risk assessment in accordance with the Management of
Health and Safety at Work Regulations and the Confined Spaces Regulations
shall be carried out and emergency procedures established.
Key controlled lifts, ie those designated for remote operation, are strongly
recommended. Dewarsshould travel unaccompanied in them.
Where the use of lifts cannotbe avoided, one or more ofthe following(in order
ofpreference) shallbe adopted:

• Dewars shall only be filled to 90% of the net capacity to reduce the risk of
•

spillage.

Dewars fitted with liquid withdrawal devices shall be vented to less than half
the relief-valve set pressure.

BCGACP3O © 2000
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• Only an operator who hasreceived suitable training shall be allowed in the lift
duringthe transportation ofdewars containing product.

•
•
•
•

•
•
•

The operator should have a fully functional oxygen depletion monitorthat will
warn him when the oxygen level has depleted to l9Y%, allowing immediate
evacuation from the lift beforea dangerous level is reached.
The operator shall have control ofthe lift to enable immediate evacuation at the
next available floor, in the event ofan escape ofproduct.
The lift shall be fitted with an emergency alarm/telephone.
Ifthe lift is equipped with an extraction fan it shouldbe switched on before the
operator takesthe dewarinto the lift.
Do not transport in a lift a dewar that is venting gas; this especially applies to
dewars that have justpreviously been filled.
Do not vent dewars whilst in a lift.
Do not transport a leakingor defective dewarin a lift.
Do not transport in a lift a dewar that hasice formingon the outside.

• Do not transport an overfihled dewar in a lift.

The transportation of dewars in lifts containing product should be
supervised/monitored outside the lift by a competent person who is aware
of the potentialhazardsand ofthe action to take in an emergency.
6.2.2

Stairs and doorways
Stairs present an increased tripping hazard, which may lead to a nitrogen
spillage. Where possible, avoid carrying dewars up stairs or steps. If the
negotiationofstairs is unavoidable:
•

two peopleare recommended for carryingthe dewar

•

considerthe installation ofa stair lift wherepractical

• ensurethat access to the stairway is restricted, otherthan to the operator
•

consideradditional body protectionagainst spills, eg a carrying apron.

Extra cautionis requiredwhen transporting dewars through doorways.
6.2.3

Ice plugs
Alwayswear protectiveclothingwhen handling dewars. If ice plugs form they
may be ejected at high velocity due to pressure build up. This can result in
serious injury. In the worst case, ice plugs can build up sufficientpressure in
the dewar to cause catastrophic failure of the dewar, which could result in
seriousinjury, even fatalities.

In order to preventice plugs forming:
•

always ensurethat a dewaris fully emptied a:fter use

•

always fit protectivecaps and ensurethe caps are in good condition.

BCGACP3O © 2000
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6.2.4 Sample storage containers
Some liquid nitrogen dewars are used for decanting liquid into larger sample
storage containers. Some of these containers can have lids in excess of im
diameter. When the lids are removed from containers the atmosphere above
the container will be oxygen deficient. The user shall ensure that operators
cannot lean over this area in such a waythat loss of consciousness would result
in collapse into or over the container opening, which would result in
asphyxiation.
6.2.5

Ventilation
The paragraphs below deal with the general ventilation of rooms containing
nitrogen dewars. However, cold nitrogen gas is heavier than air and will
accumulate at low level. Users should, therefore, take extra precautions in
basement rooms, rooms with ventilation at high level and rooms with pits,
ducts or trenches in the floor where nitrogen can be trapped. Consideration
shall be given to the use of oxygenmonitors where ventilation is poor. Where
possible,the useofsuch rooms should be avoided.

A room shall be sufficiently ventilated for the two, normal conditions not to
cause a reductionin oxygen concentration below 19.5%:
• the normal evaporation of all dewars and liquid nitrogen containerswithin
the room

• the fillinglosses from fillingthe largest dewar from a warmcondition.
Additionally, the complete spillage of the contents of the largest dewar shall
not cause the oxygen concentration to fall below 18%.
Annex 3, Guidance for Assessment ofVentilationRequirements, gives a means
of calculating whether any additional ventilation is required for the normal
evaporation from the dewars. It is recommended that when performing the
calculation the evaporation is taken as twice the manufacturers stated
evaporation rate as new, to allow for vacuumdeterioration with time.
Oxygen Depletion in a Room
and
Due to Liquid Nitrogen Spillage
Filling Losses, gives a means of
calculating the effect of spillingthe dewarcontents and of filling a dewar from
the warm condition.
Annex

4, Method of Calculating the Potential

Annex 5, Oxygen Depletion Example, is a worked example for calculating
ventilation for normallosses and the effects ofspillageand filling.

BCGACP3O © 2000
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7 STORAGE
7.1

Storageoffull or part-full dewars
Full or part full dewars shouldbe stored in designated areas that meet the same
criteria as dewars in use. There shall be adequate ventilation. Dewarsshould
be stored in a dry area, shelteredfrom rain. The caps shall always be fitted in
storage. Dewars shall be securely stored to prevent access by unauthorised
personnel.

If storage rooms have forced ventilation

an alarm to indicate its failure is
recommended. If storage rooms have reduced ventilation when unoccupied
then an alarm to indicate oxygen deficiency is recommended. Alarms should
be situated outside the room so that operators are aware of the hazard before
enteringthe room.
7.2

Storageofempty dewars
Always ensure that a dewaris completely empty before putting it into storage.
Dewars shall be emptiedin a safe, well-ventilated area. Ifpossible allow the
dewar to warm to ambienttemperature. Always store the dewarwith the dust
cap in place. Store dewars in dryareas.
Handle empty dewars as full. It may be that they still have some residual
content.
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8

TRANSPORTATION OF DEWARS
8.1

Recommendations for transportingdewars
Dewars must always be fitted with caps to prevent the ingress of moisture,
whetherfull or empty. Onlycaps designed for usewith the dewartype shall be
used. Caps shall not be secureddown unless securing methods are integralto
the manufacturer'sdesign of the cap. Some caps may come loose duringroad
transportation. Consideration should be given to the addition of a retaining
device if the dewars are to be transported. This device should be a chain or
wire which will keep the cap in place but not seal the cap as the dewar must be
free to vent.
Dewars should be checked for damagebefore transportation. Do not transport
a full damageddewar or a full dewarthat haslost vacuum.
Dewars must be transported separately from the driver or passengers. Flatback vehicles, vehicles with a separating bulkheadthat gas cannotleak through
or trailers should be considered. Dewarsshallnotbe transportedin cars.
Dewars shall be adequately secure during transportation to prevent spillage or
mechanical damage.

Dewars shall be checked for adequate labelling (see Section 2) before being
transportedby road.
Drivers shall be adequately trainedin the handling ofdewars and the properties
ofliquid nitrogen.
8.2

Regulatory requirements
Dewars filled on site and supplied to a third party or to another of the user's
premises (not in the immediate vicinity) shall comply with the Chemicals
(HazardsInformation and Packaging)Regulations 1994 (6.) In addition to the
labelling requirements given in Section 3, the CHIP Regulations require
recipients of liquid nitrogen dewars to be in possession of a gases safety data
sheet,which is availablefrom the gas supplier.
Dewars transported by road shall comply with the Carriage of Dangerous
Goods (Classification, Packagingand Labelling) and the Use of Transportable
Pressure Receptacles Regulations 1996 (5). For dewars built before 1 July
2001, the requirements are that the dewarsare adequatelylabelled as described
in Section 3 of this Code of Practice. For dewars built after 1 July 2001, see
Section 2.2.

If the user is employing a third-party

to transport dewars of an individual
capacity exceeding 25 litres, the user shall supply the transport company with
the followinginformation:
• productdesignation, ie NITROGEN, REFRIGERATED LIQUTD
• product classification code, ie Class 2.2
• productuNnumber,ie UN 1977
BCGACP3O © 2000
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•
•
•
•

the volume ofeachdewar and the numberofdewars
the consignor'sname and address
the addressofthe consignee (ifknown)
a statement signed or authenticated by, or on behalf of, the consignor
confirming that in accordance with the relevantprovisions of the Carriage
of Dangerous Goods by Road Regulations (15) and the CDGCPL
Regulations(5):
— the
dangerousgoods as presentedmay be carried
—
thedewars are properly labelled.

If the total volume of liquid nitrogen being transported is in excess of 500

litres, the Carriage of Dangerous Goods by Road Regulations 1996 are
applicablein full (16.) Ifthe total volume ofliquid nitrogenbeing transported
is in excess of 500 litres and the dewars are being transportedin a vehicle over
3.5 tonnes, the Carriage of Dangerous Goods by Road (Driver Training)
Regulations 1996 are applicable (17.) As it is unusual for users to transport
such volumes, the requirementsof these regulations are not covered by this
document.
NB
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9 SUMMARYOF RECOMMENDATIONS
9.1 Employersresponsiblefor the filling, handling, use or transportationofliquidnitrogen
dewarsshall (whereit is within the scope oftheir operators activities):
•

carry out a risk-assessment in accordance withthe Management ofHealth & Safety
at Work Regulations (8) and, where necessary, the Confined Spaces Regulations
(1)

•

ensure that all employees are adequately trained in the handling of dewars and are
aware ofthe hazardsof liquid nitrogenand that proper operatingprocedures are in
place

• ensure that adequate ventilation is provided in areas where dewars are used or
stored
ensure that adequate proceduresare in place for the transportationof dewars within
the premises particularlyin respect to the use oflifts and stairs

• ensure that manual handling assessments have been carried out on all activities
involvingdewars

• ensure that labellingmeets all regulatoryrequirements
• ensure that dewarsare adequately maintained and that they are in good condition
• ensure that adequate emergency procedures are in place in event ofa liquid spillage
• ensure that a sufficient number of personnel are trained in the treatment of
asphyxiaand cold burns

• cany out actions resulting from risk assessments.
9.2 All personnel involved in the filling, handling, use or transportationofliquid nitrogen
dewarsshall:
•

be awareof, and trainedin, the hazardsofliquid nitrogen

•

wear appropriate hand, eye, feet and body protectionwhen handling full or empty
dewars

•

not fill, use or transport any dewar with a damaged neck, wall, trunnion support,
base support or wheels

•

ensure that dewars are correctly and clearly labelled for nitrogen service before
filling

•

only use dewars which are correctly and clearlylabelled

•

only transport dewars whichare correctly labelled fortransport

BCGA CP3O© 2000
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•

be adequatelytrainedin the handlingof liquidnitrogendewars

•

avoid ice plugs by ensuring that protective caps are always used and that dewars
are fully emptiedbefore being taken out ofuse orput into storage

•

know what actions to take in the event ofa liquid spillage

•

know what actions to take ifan incidentresultsin a cold bum or asphyxia casualty.

9.3

Only accompany a dewarin a lift when:
•

wearingan oxygenmonitor

•

you have control ofthe lift

•

an emergency alarmltelephone is available
the operationis being supervisedlmonitored by a competentperson

•

a key controlled lift is not available.

BCGACP3O © 2000
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10 MAINTENANCE

In additionto the checks carried out before filling and before transportationthe following
shouldbe carried out on a regularbasis, or at least at intervals not exceeding six months.
Empty the dewar in

a safe area and allow it to

warm naturally to atmospheric

temperature.
•

•
•

Checkthat the cap is in goodconditionand, ifnot, replace it.
Check the neck for twisting or damage.
shouldnot be used. *

If the neck is in any way damaged the dewar

Check the dewar for mechanical damage. Do not use the dewar if damage is found to
the support trunnion for the tipping trolley, the dewar stand, the dewarwheels or the
dewar wall. (Minor dents and scratches are acceptable, but excessive corrosion or
dents that are severe enoughto have caused damageto the innerwall are not.) *

• Ensure that the dewar is free of dirt and contaminants, includingany insulating bungs
which may have detached from the caps and fallen into the dewar.

•

If the dewar is contaminated, wash the dewar out with warm water. If a detergent is

used, ensure that the dewar is thoroughly rinsed. Ensure that the dewaris completely
dried.

• Check that the liquid withdrawal device is in good condition.
securing collar or valves are damaged,then replace the device.

If the retaining wire,

For dewars fitted with liquid withdrawal devices, the relief device should be replaced
at a suitablefrequency,not exceeding ten years.
*

If a repair is carried out on a dewar it shall be done to the original manufacturing standard.
2001 Regulation 12 ofthe CDGCPLRegulations

For dewars manufactured on or after July
(5) applies to the repair ofdewars.
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11

Action in event of:
11.1 Spillage

•

Evacuateall personnel from the area likely to be affected by the liquid
and the evolved nitrogen gas.

•

Pay particular attention to pits, basements, cellars and stairwells
because the cold gas will collect in those areas. Try to prevent the gas
flowing alongthe ground into such areasby closingdoors.

•

Take appropriate action to ensure that the ventilation system does not
spreadthe nitrogento other areas.

•

Open exterior doors and windows to encourage evaporation of the
liquid and safe dispersal ofthe nitrogengas.

•

Allow the liquid to evaporate naturally.

•

The evolved gas will be very cold and will create a cloud of condensed
water vapour restricting visibility. Do not allow anyone to enter this
cloud.

•

11.2

Do not allow anyone to enter the area until you are sure that the
nitrogen gas has all dispersed and that the air is safe to breathe. If in
doubt, usean oxygenmonitorto checkoxygen levels.

An ice plug forming

Ifan ice plugforms there is a dangerthat:
•

It will detachat high velocitywhen the cLewar pressurerises.

•

It will cause sufficient

pressure build up in the dewar to cause it to

rupture.

Extreme caution shall be exercised if an ice plug is found. All personnel,
except the minimum number required to deal with the incident, should be
evacuated from the area.
The recommended method of dealing with the plug is to insert a copper tube
into the neck and blow warm nitrogen gas onto the blockage. Compressed air
is not recommendedas it contains moisture.
Ensure that the dewar is completely sandbagged before approaching it.
Extreme caution should be taken when inserting the copper tube. Insert the
tube into the neck without making contact with the ice blockage. The gas
supply should be set up so that the defrosting process can be initiated in a
remote or protected position. Once the defrost has been initiatedthe operator
can retire to a safe place whilstthe blockageis being cleared.
BCGACP3O © 2000

22

The pressure build up may have damagedthe innerwall ofthe dewar. Ensure
that the dewar is examined by a competentpersonbeforereturningit to service.

For advice in dealing with an ice blockage, contact your gas supplier or dewar
manufacturer.

11.3 Burns due to liquid nitrogen

In the case of contact with liquid or cold gas, injury can result.

Annex 2
describes the nature of such injuries and gives information about first-aid
treatmentappropriate in such cases.
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PHYSIOLOGICAL EFFECTS AND RECOMMENDED EXPOSURE LIMITS OF
NITROGEN.
Asphyxia due to oxygen deficiency is often rapid with no prior warning to the victim. A
general indication of what is liable to happen is given in the table below but it should be
appreciated that the reactionsofsome individuals can be very differentfrom those shown.

Oxygen Content Effects and Symptoms
(Vol %)
(at atmospheric pressure)
11-14

Diminution of physical and intellectual performance without
person's knowledge.

8-11

Possibilityoffaintingafter a short periodwithoutprior warning.

6-8

Fainting within a few minutes; resuscitationpossible if carried
out immediately.

0-6

Fainting almost immediate, death ensues; brain damage even if
rescued.

First aid
The victim may well not be aware of the asphyxia. If any of the following symptomsappear
in situations where asphyxia is possible, immediately remove the affectedperson to the open
air, following up withartificial respiration ifnecessary:
(a)

rapid and gaspingbreathing

(b)

rapid fatigue

(c)

nausea

(d)

vomiting

(e)

collapse or incapacityto move

(f)

unusual behaviour.

If medical attention is not immediately available, arrange for the casualtyto be transported to

a hospital without delay. Ensure that the ambulance crew and the hospital are advised of
details ofthe accident and ofthe first aid treatmentalready administered.
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HAZARDSFROMVERY COLD OR LIQUEFIED GASES
Below is a summary, taken with permission, from the 4th edition ofthe Cryogenics Safety
Manual (3), ofthe hazardswhich can arise when handling cryogenicliquids,very cold gas
or equipment at very low temperatures. The hazards arise when using any cryogenic
productand thus apply to this document, which addresses the handlingofliquid nitrogen.
Cryogenic burns and frostbite
Exposureofthe skin to low temperature can produceeffects on the skin similarto a
bum. Thesewill vary in severity with temperature and the time ofexposure.
Naked, or insufficiently protected, parts ofthe body coming into contact with very
cold, un-insulated pipes or vessels may stick fast by virtue of the freezing of
availablemoisture and the flesh may be torn on removal. Special care is needed
when wearingwet gloves.
Prolonged exposureto cold can result in frostbite. There may well be insufficient
warning through localised pain while the freezing action is taking place. All cold
bums should be checkedby a first-aideror, in extreme circumstances, by a medical
expert to confirmthe extent ofdamage.
Prolonged inhalation of cold vapour or gas can damage the lungs. Cryogenic
liquids and vapour can damagethe eyes.
The low viscosity of cryogenic liquids means that they will penetrate woven or
otherporous clothingmaterialsmuch fasterthan, for example, water.
2

Precautions
Protective clothing for handling low-temperature, liquefied gases serves mainly to
protect againstcold bums.
Non-absorbent gloves (PVC or leather) should always be worn when handling
anythingthat is, or may have been, in contact withcold liquids or vapours. Gloves
shouldbe a loose fit so that they may be readily removed shouldliquid splash on to
them or into them.

If severe spraying or splashing is likely to occur, eyes should be protected with a
face shield or goggles.

Trousersshouldbe worn outsideboots and have no pocketsorturn-ups.
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3

First aid (cryogenicburns)
Flush the affected areas of skin with copious quantities of tepid water, but do not
apply any form ofdirect heat, eg hot water, room heaters, etc. Move the casualtyto
a warm place (about22°C/295K.) Ifmedical attention is not immediately available,
arrange for the casualty to be transportedto hospitalwithoutdelay.
While waitingfor transport:
(a)

loosen anyrestrictiveclothing

(b)

place the affectedpart in tepid water, or run tepid water over, until the skin
changesfrom pale yellowthroughblue to pinkor red

(c)

protect frozen parts with bulky, dry, sterile dressings. Do not apply too
tightly so as to causerestriction ofblood circulation

(d)

keep the patient warm and at rest

(e)

ensure that the ambulance crew or the hospital is advised of details of the
accidentand first aid treatmentalreadyadministered.

(f)

Smoking and alcoholic beverages reduce the blood supply to the affected
partand should be avoided.

The above has been reproduced with the permission of the British Cryoengineering
Society from the Fourth Edition ofits "Cryogenics Safety Manual",RefrrenceNo ISBN
0-8453-26057.
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GUIDANCEFOR ASSESSMENT OF VENTILATION REQUIREMENTS
The type ofventilation depends on a multitude offactors such as type of location, gas type,possible
leaks, etc.
Ventilation can be natural or provided by forced ventilation. The design criterion is the numberof
air changes per hour.

In locations above ground level with no special ventilation openings, natural ventilationprovides
typically 1 change per hour. This is not the case in buildings withwindows sealed with tight seals.
For underground rooms with small windows 0.4 changes per hour can be consideredas an average
value.

For handling (storing, filling, withdrawal, etc.) transportablecryogenic vessels with non flammable,
non toxic contents in locations above ground level, natural ventilation is generally sufficient,
providedthat the room is large enough and that the outdoor areais not enclosed bywalls etc.
An indoorlocationshouldhave ventilation openingswith a total area of 1% of the ground area. The
openings should be positioned diagonally across the room. The density of the gas should also be
taken into consideration (the main openingat the highest point ofthe locationfor gases lighter than
air, or at ground level for gases heavierthan air.)
For more than 2 changesper houra forcedventilation system is necessary. Differentsituations may
require a specific number ofair changesper hour eg 5, 10, 20, etc.
In typical situations the number of air changes can be calculated, assuming a certain leakagerate
from the vessel and a homogenous distribution ofgas, using the following formula:
Cr =

'

VR

fl

(i —eat)

where:

C= gasconcentration

L = gas releasem3/hr
VR= room volumem3

n = air changes
per hour

t = time in hours
* = multiply

For long periods (t tendingto infinity):
=

approximately. Where

* fl

C = gas concentration after a long period.

A worked example ofthis is in Annex 5, showing how to assesswhethernaturalventilationrates can
be adequate for real situations.
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METHOD OF CALCULATING THE POTENTIAL OXYGEN DEPLETION IN A ROOM
DUE TO LIQUID NITROGEN FILLING AND SPILLAGE.
This annex considers three scenarios — filling losseswhich alwaysoccurwhena dewar is being
filled, spillage ofthe contents ofthe dewar and the 'worst case' scenario wherethe entire contentsof
the vesselare lost to the room immediately afterthe dewaris filled.
The resulting oxygen concentration in the room may be calculated from the following formula for
each ofthe scenarios:
Cox =

100 * Vo
VR

where:
V0
VR

*

=
=
=

=resuhingoxygen concentration %
the volumeofoxygen,m3
theroom volume, m3
multiply

V0 is calculated

forthe following scenarios:

Filling

A value of 10% of the volume of the product in the dewar is used to estimate the losses to
atmosphere duringfilling.
V0=0.21
where:
0.1

=

VR

=
=

VD

fg
0.21
*

=

=
=

R_ [01*VDg
1000
10%volume loss duringfilling
room volume,m3
dewar capacity, litres
gas factor. This is 683 for nitrogen. (Nitrogen gas takes up 683 times the volumeof
nitrogen liquid, ie one litre ofliquidnitrogen creates 683 litres ofgaseous nitrogen.)
Thenormal concentration ofoxygenin air, 21%
multiply

Spillage

Forthe spillage ofthe entire contents ofa nitrogendewar:
V0=0.21
1000
where: the symbols are as before.
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Filling andspillage together
The 'worst case' scenario, wherethe entire contentsofa dewar are lost to the room immediately after
filling, equivalent to 110%ofvessel contents to allow for the 10% fillinglosses prior to spillage:

-

V0= 0.21
ER

where:
1.1
VR

VD

fg
0.21
*

=
=
=
=
=
=

*
Ei.i1000

110% volume loss during fillingand spillage
room volume,m3
dewarcapacity,litres
gas factor. This is 683 for nitrogen. (Nitrogen gas takes up 683 times the volume of
nitrogen liquid, ie one litre ofliquid nitrogencreates 683 litres ofgaseousnitrogen.)
The normalconcentration ofoxygen in air, 21%
multiply

Note Risk assessment must assumethe worst case scenario of spillage after filling.
Workedexamplesofthis are shownin Annex5.

BCGA CP3O © 2000

30

Annex 5

Sheet 1 of3

OXYGENDEPLETION EXAMPLE
Example:
A basementroom contains two 25 litre andthree 10 litre dewars.
Room dimension:
7 x 8 x 2.5 metres =
140m3
5 litre dewar:
loses 0.2 litresper day through evaporation
10 litre dewar:
loses 0.15 litresper day through evaporation
(dewarmanufacturers'quoted evaporation rates.)

NormalEvaporationLosses
Evaporation is a continuous process, hence the increase in nitrogen concentration (Ci) can be
calculated over a long period using:

Ct=

L

VR * fl

where:
=
L

n
*

=
=
=

gas evaporationrate, m3/hour

room volume,m3

air changesper hour
multiply

Whilst manufacturers will quote the evaporation rate for their dewar, it is prudent to double it when
calculating the rate of nitrogen release, L. This allows for a deterioration in the insulation
performance over the lifeofthe dewar. The nitrogengas factor of 683 has to be used to calculate the
volume ofgaseous nitrogen releasedthrough evaporation, as the dewar manufacturer'sfigures relate
to the volumeofliquid nitrogen lost.
Thus:
L

= 2*683*(2*02+3*0 l5'=0.048m31hr
24*1000

Assume there is an average of 0.4 air changes per hour in the room. The nitrogen concentration
increase is, therefore:
Cf

0.048 =
0.001

140*0.4

= 0.1%

Air already contains 78% nitrogen; thus, in this case, evaporation from the five dewars in the
circumstances described would reducethe oxygen concentration by some 0.02%. This is because air
contains 21% oxygen, so the oxygendepletion can be approximated as 0.1% x 0.21 = 0.02%,
In this example, normal nitrogen evaporation from the dewars has only a small effect in increasing
the nitrogen concentration, and thus reducing the oxygen concentration, in the room. If, however, far
more dewars were stored in the same room used in the above example, or if a much smaller room
was used for the five dewars mentioned,then the nitrogen concentration would increase by a much
higher larger factor. If C in such a case was calculated to be 0.05 (ie 5%), then forced ventilation
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would be recommended, since this would reducethe oxygenconcentration in the room by 1%, which
is at the level wherethe safetymarginhasbeen virtually used up.
Losses due to filling (see Annex 4)
First calculate the volume ofoxygenin the room, V0.

-

Using:

.-

V0=0.211 VR_I 0.1

*

VDfg
Ll000

L

where:

=

=
=

VR

fg

=

*

capacityof largestdewar
room volume,m3
gas factor. This is 683 for nitrogen. (Nitrogen gas takes up 683 times the volume of
nitrogen liquid, ie one litre ofliquid nitrogencreates 683 litres ofgaseous nitrogen.)
multiply

The same dewars and room size are used (140m3), but here the largestnitrogen release is during the
filling of the largest (25 litre) dewar and again the nitrogen factor of 683 must be used to convert
liquid to gaseous nitrogen.

r

Thus:

=29.04m3

V0=0.21J140_I0.1*25*683 I

L

L1000

JJ

Theresulting oxygen concentration in the room (Cox) can then be calculated:
Using:
Cox 100V0

Cox= 100 * 29.04 = 20.7%
140

Clearly, this is no problem. As a guide it is recommended that the combined effect of normal
evaporation and fillingprocessesshouldgive rise to alarm ifthe oxygen level falls to 19.5%.

Losses due to filling and spillage (seeAnnex4)
Followingthe same process as above, calculate the volumeofoxygen in the room (V0 as a result of
the spillage of the entire contents following filling. Annex 4 shows that the factor of 1.1 is used to
allow for fillinglosses, plus the totalloss from spillage.
Using:
V0

= 0.21

—

ER
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* VD

where:

1000

= dewar capacity 25 litres
=
= 140 m3
VR room volume
VD

= 683 for nitrogen
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Again we have a 140m3 room and again the largest releaseis from the 25 litre dewar.
Thus:

=

—

0.21

r1.1

L

L

* 25 *68311
1000

= 25.5m3

JJ

Then calculatethe resulting room oxygen concentration (Cox)after the spillage:
Using:

l00V0

Cox=
VR

Cox=

100*25.5

= 18.2%

140

This is just above the level (set at 18%) at whichwe recommend the oxygen monitor should give an
emergency alarm, leading to inirnediate evacuation.
In this example, we would recommendan oxygenmonitorbe fitted with two levels of alarm:

•

19.5% should lead to urgent investigation and corrective action

•

18.0% should cause immediate evacuation— assuming that this level results from spillage,
followthe actionlist in paragraph11.1 ofthis document.
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HISTORY AND OBJECTIVES OF BCGA

The British Compressed gases Association was established in
August 1971, as a successor to the British Acetylene
Association, formed in 1901. Its members consist ofproducers,
suppliers of gases equipment and container manufacturers and
users operatingin the compressed gas field.
The main objective of the association is the advancement of
technology and safe practice in the manufacture of all
containers, apparatus, appliances, plant, etc. BCGA also
provides advice and makes representations, insofar as these
relate to particularproblems of the compressed gases industry,
on behalfof its membersto regulatorybodies, includingthe UK
Government, concerning legislation both existing andproposed.
Policy is determinedby a Council elected from member firms,
detailed technical studies being undertaken by a Technical
Committee and its specialist Sub-Committees appointedfor this
purpose.

Further details ofthe Association may be obtainedfrom:
BRITISH COMPRESSED GASES ASSOCIATION
14 Tollgate, Eastleigh, Hampshire, S053 3 TG
Tel: 023 8064 1488 Fax: 023 8064 1477
Website: www.bcga.co.uk
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